reason for the postnatal changes of action potential duration in rat heart cells is still a matter of controversy. We have examined mRNA expression levels of Kvl.2, one of the K+-channel genes, in neonatal (1 week) and adult (8 weeks) rat cardiac ventricles. For analysis of mRNA expression, we used the reverse transcription-polymerase chain reaction method. The level of Kvl.2 mRNA expression in adult rats was significantly higher than that in neonatal rats. This result suggests that the levels of ion channel gene expression may be responsible for the postnatal changes of the action potential duration.
The rat heart demonstrates marked alterations in the action potential duration during its postnatal period (1) . However, the precise mechanisms responsible for the postnatal changes in cardiac action potential duration are still uncertain. It is well known that voltage-dependent K+ channels are responsible for the determination of the action potential duration. The cardiac K+ channels must be studied on the molecular level to ascertain the mecha nisms underlying the cardiac action potential. Since the cloning of Drosophila shaker genes, many mammalian voltage-dependent K+ channels have been cloned mainly from the central nervous system (2, 3) . Kvl.2 is one of the voltage-dependent K+ channel genes, which elicits a delayed rectifier current in Xenopus oocytes (4) , and is ex pressed in rat cardiac ventricles (5) . If the levels of ion channel gene expression are responsible for the action potential duration, the level of Kvl.2 gene expression in adult rats would be different from that in neonatal rats. Therefore, the present study was designed to examine the difference of Kvl.2 gene expression levels between neo natal and adult rat cardiac ventricles.
Male Wistar rats, 1-week and 8-weeks-old, were decapitated, and their cardiac ventricles were immediately used for RNA extraction. Total RNA from the cardiac ventricle tissue was extracted by the acid guanidium thiocynate-phenol-chloroform method (6) and the treated with RQ DNase (Promega, Madison, WI, USA) to re move residual genomic DNA (7).
The levels of Kv 1.2 mRNA expression in neonatal and adult rat cardiac ventricles were analyzed with the reverse transcription-polymerase chain reaction (RT-PCR) be cause of the low level of Kvl.2 gene expression in the heart. RT-PCR was also performed using the primers recognizing ~ -actin mRNA as a control to demonstrate the equivalent amount of tissue RNA. Total RNA (3 ag) was reverse-transcripted with the Gene Amp RNA PCR kit from Perkin-Elmer Cetus Corp. (Norwalk, CT, USA) with random hexamers (2.5 pM) for 60 min at 42C, as in dicated in the kit protocol. The resultant cDNA was as sayed for levels of specific cDNA by PCR. The rat Kvl.2 PCR primers were: 5 GTGACCTTCCACACCTATTCCAACA-3' (sense) and 5'-AGTTCTCCTCTCTAAAGTCCTCATT-3" (antisense). The primers are predicted to amplify a 832 base pair DNA fragment (nucleotides 598 to 1429, ref.
2). The rat f3-actin PCR primers were: 5 TTGTAACCAACTGGGACGATATGGA-3' (sense) and 5 CTCATTGCCGATAGTGATGACCTGA-3' (anti sense). They are predicted to amplify a 536 base pair DNA fragment (nucleotides 311 to 1310, ref. 8). In the case of (3-actin, primer pairs were chosen that spanned a 464 base pair intron of rat R-actin genomic DNA. Sam ples were subjected to 30 cycles of PCR amplification using a Astec Program Temp Control System PC-700 (Astec, Fukuoka). Each cycle included denaturation at 941C for 1 min, annealing at 601C for 1 min, and primer extension at 72C for 1 min. An aliquot of each amplifica tion mixture was subjected to electrophoresis on a 1.2% agarose gel, and DNA was visualized by ethidum bromide staining. Gels were photographed under ultraviolet trans illumination, and densitometric analysis was performed on the negative film with a Model 620 Video-densitometer (Bio-Rad, Tokyo). Specificity of gene amplification was confirmed by correspondence of the size of the PCR products to that predicted from the cDNA sequence. Furthermore, we confirmed that the same size (832 base pairs) DNA product was obtained from rat Kvl.2 cDNA, which was cloned by Ishii et al. (4) in the PCR with Kvl.2 primers; and a 1000 base pair DNA product was obtained from genomic DNA in the PCR with 13-actin primers ( Fig. 2A) . In preliminary experiments, we found that the integrated optical density of PCR products increased de pending on the PCR cycle number under our PCR condi tions for Kvl.2 and 13-actin (n=6). Therefore, under the PCR conditions we adopted in the present study, the in tegrated optical density of RT-PCR products represent the relative amount of original mRNA, semi-quantitative ly. It has been determined that three mouse K+ channel genes, Kv 1.1, Kv 1.2 and Kv 1.3, exist as a single uninter rupted exon in the mouse genome (9) . Therefore, the rat Kvl.2 gene would also have no intron in the genomic DNA. If the Kvl.2 gene has no intron, the genomic DNA of Kvl.2 would be amplified to the same size DNA frag ments as cDNA that is reverse-transcripted from the Kv1.2 mRNA. To examine this phenomenon, we am plified the same RNA samples with or without reverse transcription. Without reverse transcription, the PCR products from the samples indicate contamination of the genomic DNA in the RNA extract. In PCR amplification without DNase treatment, we observed amplified Kv1.2 genomic DNA of the same size (832 base pairs) as cDNA that was reverse-transcripted from the Kvl.2 mRNA (Fig. 1, upper panel) . The same size Kvl.2 cDNA was also obtained from the PCR with rat genomic DNA ( Fig. 2A) .
To analyze the level of Kvl.2 mRNA expression without contamination of the genomic DNA, the total RNA was treated with DNase before reverse transcription. After DNase treatment, no signal could be seen in the samples that were amplified without prior reverse transcription (Fig. 1, lower panel, n=6) .
RT-PCR has previously been established as a method for measuring the level of mRNA expression in various tis sues (10, 11) . The levels of Kv1.2 mRNA expression in neo natal and adult rat cardiac ventricles were analyzed with RT-PCR ( Fig. 2A) . RT-PCR was also performed using the primers recognizing r3-actin mRNA as an internal con trol. j3-Actin is one of the "house-keeping" genes, and it is widely used as an internal control for RT-PCR (10, 11) . The ratio of the integrated optical density of Kvl.2 to that of 3-actin in the neonates (n=3) is 0.01 ±0.01 and that in the adults (n=4) is 0.53±0.08 (Fig. 2B) . The Kvl.2 ex pression level of the adults increased by approximately 50 times that of the neonates. The level of Kvl.2 mRNA ex pression in the adults is significantly higher than that in the neonates (P<0.01).
It is well known that cardiac action potential duration in adult rats is shorter than that in neonatal rats (1) . The time-dependent outward K+ currents are involved in the determination of cardiac action potential configurations. In this study, the level of Kvl.2 mRNA expression sig nificantly increased in adult compared with neonatal rat cardiac ventricles. Although it is still uncertain whether the increase in mRNA expression may result in an actual increase in the channel protein in vivo, the previous study indicated that when Kv 1.1 was expressed in Sol 8 cells un der the control of the metallothionein-I promoter, an in crease in the level of mRNA resulted in the higher expres sion level of functional channels as measured by K+ cur rent density (12) . These findings suggest that modification Kilborn and Fedida (1) reported that action potentials still have a definite plateau phase at 5 days and have short ened somewhat by 10 days of age, and an intermediate situation is observed in 5 and 10-day cells. They also ob served that 4-aminopyridine has a marked effect on adult but not on newborn rat cardiac action potential, and the cardiac transient outward current density in adult rats was 4 times greater in adult rats as compared to the den sity in neonatal rats. They suggested that there are major postnatal changes in the properties of the transient out ward current in rat hearts. Sheng et al. (13) recently presented biochemical evidence that Kv l .4 and Kv l .2, two K+ channel subunits, co-assemble in vivo rat brains. The Kvl.4 is also one of the voltage-dependent K+ chan nel genes which elicits a transient outward current in Xenopus oocytes (3) . It has also been reported that expres sion of different K+ channel genes can produce channel protein subunits that assemble as heteromultimers with unique properties (14) . The Kvl.4/Kvl.2 heteromultimer combines features of both parent subunits, resulting in a transient outward current channel (14) . Matsubara et al. (11) determined that Kvl.4 transcripts are present abun dantly in both neonatal and adult rat cardiac ventricles. These findings suggest that the Kv 1.2 gene expression level may influence the transient outward current channel proteins.
In conclusion, we have examined the mRNA expression levels of Kvl.2, one of the K+ channel genes, in neonatal and adult rat cardiac ventricles. The level of Kvl.2 mRNA expression in adult rats was significantly higher than that in neonatal rats. This result suggests that the lev els of ion channel gene expression may be responsible for the postnatal changes of the action potential duration.
